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AbstrAct
A collection of 379 Hordeum vulgare cultivars, comprising all 
combinations of spring and winter growth habits with two and 
six row ear type, was screened by genome wide association 
analysis to discover alleles controlling traits related to grain yield. 
Genotypes were obtained at 6,810 segregating gene-based 
single nucleotide polymorphism (SNP) loci and corresponding 
field trial data were obtained for eight traits related to grain yield 
at four European sites in three countries over two growth years. 
The combined data were analyzed and statistically significant 
associations between the traits and regions of the barley genomes 
were obtained. Combining this information with the high resolution 
gene map for barley allowed the identification of candidate genes 
underlying all scored traits and superposition of this information 
with the known genomics of grain trait genes in rice resulted in the 
assignation of 13 putative barley genes controlling grain traits in 
European cultivated barley. Several of these genes are associated 
with grain traits in both winter and spring barley.
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Fig. 1. Correlations between traits in this study. Correlations within 
spring and winter germplasms are shown numerically and by heat 
mapping. Red = positive correlation, blue = negative correlation.
zu et al.: gwas of barley cultivars reveals loci for crop improvement 5 of 11
Fig. 2. Barley grain trait QTLs– genetic distributions, probabilities and overlaps. The genetic positions of 342 barley grain trait QTLs 
identified here are plotted on a consensus linkage map (see Materials & Methods). The QTLs are categorized by their effects in spring 
(green) or winter (blue) growth habit germplasm, their Log10 probabilities and their grouping into QTL hotspots (see Key). Also plotted 
are genetic map locations for barley orthologs of known cereal grain trait genes (Supplemental Table S4), other developmental genes 
known to affect yield in barley and the low-recombining peri-centromeric (LR-PC) genomic regions (Baker et al. 2014).
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